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P U R P O S E  

Tha purpora of thir mntraot i s  to provide an Insight into 

the basic problems aesouiated With the operation of tb sealed 

silver oxide-cadnriw qrten, under rab l l i t r  cycllng conditloncl. 

Tha Mornation w i l l  thon be used to  design and uonstruct an 

30-0ell b.tbrJI. 
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ABSTRACT - 

Special lnotnowntation which Lacluder a rotatlng disc oleotrod. 
apparatua for tho ixnestlgation of tho uuhaniaa of gar mco&lnation 
has boon aoarrtructad, Hatarummanta of  mcodiaetion rater in our sealod 
rilrer-cadmlum cell8 prPdrtood for the f l m t  tiw a dim& aorrslatlon 
betwsm quantity of electrolyto .ad rote of maomblnatlon. 
been found that rolublm organ10 products f r o m  the soparotor deoraase the 
q g s n  recontblnatlon nte. 

It has a l r o  

A new type of partfirll;). waterproofed rrsAadum oleotrod. fapprovod the 
w e n  rocoabinlitlon reaction, 
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1.1 Positive Plate Tern- 

Rsoemt experinsnts mn in our laboratory have ohown that af'ter 10 
cycles the apparent ohange of mrfaoe *ma of the  ei lver electrode doer 
not have a slgnlf iaant  effeot on either c e l l  capaaity or length of the 
argentous Oxide plateau, Harmor, durhg Initla1 cyc ing, silver 

8 longer argentous Caide l e  el than electrodes made from powder which 
oleotrodea mads f r o m  firm grain powder of about 0.9 PL h /g does exhibi t  

has a aurface a m a  of a 2 5  m s /g# a8 measured by double layer capacitance. 

Starting With a powder which initially had a aurface of a 3 2  a/g, 
it  war found tht the mte of change of the surfooo area was dependent 
t o  80- extent on electrolyte  comentratlon (see Pigulls l), with the 
gmatest Increase occurring in 31% KOH on both o r b i t a l  regimes, duxdag 
th4 f k B t  10 OJT0108.  

It e m  also be aeon from Figure 1 that the rate of uhange of surfaw 
area ir inQpandsnt of the charge rate a t  each e leu tmlf ie  ooncentration 
tested. 
t b s  higher than en the 21, hour o r b i t a l  regiae. 

&I discussing the large dif'fersnces in 8urface areas obtained 
between unaycled and cyclod plates, cognlaanae of the fact  muat be taken 
that these differenaea do not affsut porfoxaanw. 
uhou that the aurf ce area had lncmaaed f m m  .5 m2/g on "gmen" plates  
to a8 high 88 21 J / g  a*r cycles, b n  auriace ama wa8 measured 
by BET method, on unoyoled elaatrodea the results rhowed agreement with 
the D E  teuhniquo. However, q n  8 uyeled plate was macnrred by BET, 
the mrface area was only 0.9 m /go 
explained a t  present, The lnvest lgat lon iS continuing t o  e r h b l l e h  
why the differences exist .  
being teated; also s i lve r  eleotmdea have been rubslitted for eleotron 
and nicroscope andlyd8, the results  are n m ~ ~  being evaluated, 

Rote that the uh8rge rate on the 100 b u t 8  r~g'3.m l e  about 1 2  

The result8 by D I L  

Theas differences cannot be 

The mproducibll l ty of both methods 18 

1.2 Negative Plat. Tart8 

mathode of improving negative electrode e f f i c lmcy  a t  l o w  temperaturo 
and Increasing the u t i l i za t ion  of the active material. 

The emphasis during t h l r  quarter has bean on imertigating vrrioue 

4 



Dudng the last report perlod, It wan found that eleotroplated 
cadaim alactmdos exhibit perfonunce which i r  superior t o  e L e o t m & ~  
=do by a o l d  p ~ r ~ i n g  CdO powder. Tbe fabrication proce81 involver th. 
deporltion of codniuap sponge on a nickel awast colleotor f r o m  a 
CdSW Sob plat ing bath, a8 described by W. Chub in C a n a d i a n  Patent 
6672,678. The plate obtained ha8 a very high emrgg density, is  easy t o  
fabficate on a continuous baslrr, and door not moot with ozygen when 
extracted fmm the plating bath as doer oadmltnu prepared f r o m  an alkaline 
bath, Euly cyole data pmsentod In the last progrerr =port ohowed a 
r i s r b l e  inomam In perfomrpnce over our rtandard plates  prepared fraa 
pms8.d &um axlde, 
r&d u a l l  for further testing under eafual a a t e l l l t o  o o n d l t l o ~ .  
desi@ is  such that tho cadmiun t o  r l l ver  ratio has been mduoed fmm 
1.511 to 1.0:l.O with no degmdatioa in perfonaanw, a t  mom tenpsrrtum~ 

There eleotmdes hare now been fabricated in to  a 
"he 

A ~eoond approach be- evaluated is the u e  of aual l  concentratioxu 
of InaiUaa alloyed With cadmium; I t a  w e  was reported by A. Fleircher to  
incream tb oapacity and dumbilitiy of  the eloutrode. 

plates warn f r o m  o a d m h t  der whioh was prepared by making 
CdO in a rolution oontaiaing Cd(H0 r a n d  l% by w i g h t  I n  a8 In(N03)~. 
"In rixtUln uas then rsducmd in a &$mgan furnrrae a t  30O0C to fom a 
Cd-In UOY. 

1.3 Cell Tort8 

cyuhr a t  tsapsratumr of - ~ O C  RT, ami SO%J th. uumn$  donmitior 
oomrpondod t o  those of tho 100 2llin urd 21) b u r  o r b i t a l  mgiasr. Colla 
1-4 I n c l u b  posit ive p la te  and electrolyfr mrl.blO6,  and ~ e l b  13-73 
uompfiue negative plate, electrolyte and repalator V8ldJBble8. 

Forty-8h colla in all have boon conrtnrctod and rub3.ot.d to 10 deep 
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The dot8 in Table6 I and I1 rhow that the cel ls  a m  perfonuing 
quite poorly a t  low temperature; rsfermoe eloctrode meaiurements 
indicate that the negative olectmde is  liaritingo 
by Eagle Picher (S l lver  Cadmium Batterg Developasnt NASA Final Report 
June 1962) har ahown that a caddm t o  s i l v e r  r a t i o  of a t  l e a a t  2.5:l I s  
needed to  &bin cell capacity a t  -ls°C. 
design is 1.5:l. 

Work dorm previously 

The ra t io  used in our present 

Conparlng the msultr In Tables I and I1 (long and short  o rb i t  
re6pot ivoly) ,  it i s  rem that the rhort o r b i t  c e l l s  are not performing 
as w e l l  as those on long o rb i t  regime3 ths ma of a 4 hour charge rate 
account8 f o r  the poorer c a p c i t y ,  

Utmr 10 doep cycle8 the ce l l8  on 100 mlnute o rb i t  regime could not 
function properly us batteries when placed on cyoling a t  35% depth of 
discharge. It l a  thought that the poor bat tery performance was cawed 
by tba unbahnee of low capacity c e l l s  wbich inh ib i ted  the cyc lhg .  To 
improve capaci t ies  the cell8 wore rubJootad t o  a spsoial ragbe. They 
mro f l m t  gimn 8 l  ohallow cycler a t  25% depth of diechargo where tho 
aha- war a t  half the current d a w i t y  of the raquimd 100 nlnute orb i t ,  
Sooond, tho o e l l r  worn given 2 deep cycler, mcharglng a t  5 ma/in2 With tho 
proseurn valve open until the nagativo eleatrode rtmted garsing, The 
rerultr presentad In Table I1 show t ha t  tb des cycler graat ly  Improved 
the capaaitiam, and ainirdeed o a l l  unbalance. Fo date, the adlr (cycllng 
88 5-0011 b a t b r i e r )  have complokd 2bO c y a h a  a t  35% depth of discharge. 

Soven of thr, rhort  orbit col la  have developed high preasurs8 during 
cyolhgj one cel l  exploded and the other  siX muit be vsntod perlodioal ly  t o  
pmvent rupturing. Analyses of ths ce l l  gases a m  ahown in Table 111, 
Charge roltrges observed a t  tlm of the analyse6 Indicate that the negative 
olectroder w o n  linaiting, Although t he  cells init ially contained m exceas 
of CdO, the surplus material now appears e l o a t r o c M c a l l y  unavallabla. 
It sooms likely that the solublo prodwtr  resul t ing f r o m  reparator 
degradation fonasd a chemlcal.ly pasalve compound With cadmium (poralbly 
CdCO3). Cel l  8 whloh rhowod the highest concentration of hydrogen w f f l  be 
dissected and the negative plate8 W i l l  ba chemically analywd f o r  
Cd, Cd(osI)o, and CdC03, An lnvartigation t o  detemdna how silvor-ca&dum 
cells perfom saturatod K2C03 r l eo t ro l~ f io  ha8 a l r o  h e n  s tarted,  

4n autonntio roam- &via0 mar complotlon w i l l  provent c e l l  overcharge 
and m o r u o  dlooharge by rsaoving cells fmn the c i r c u i t  when their pm-set 
voltage 18 reachod, 
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The raarainhg cell8 on the short orbit a m  perfomin& satisfactorily 
after 240 ayales and do not build up p r a s m  d-~ring cycling; a doep uycle 
dU. be nul mew 500 W C h 6  to detexdaa cell  c4pecf . t~~  

Referring m u  to the long s r b l t  cells,  they of course cycle mch 
nom 8 1 0 ~ ~  and hare oonrpleted 15 cyales on orbital lsgiaeo 
roceire a daep cycle a t  c y o b  Sa, 

T h e y  W i l l  

1.L) InveatigAtion of chaq4 ea i n  Pmpertlss of Separator Yateriala 

A rtand t e s t  was initiated to &tormine whether the extont of 
separator attaak could be correlated with the orgPaic salt content, 
maaured as $C03 
temperatures. A measurn of degradation i s  the datenuination of the 
concentration of free KOH and potanaim aal ts  (organic and 
Previous data have shovn that a e l l  perfonuance is considerably hindemd 
when the free KOH concentration docmasee, Them is also evidence that 
gas muorbination I n  seded cel ls  i s  dsonaaed when large ammnts of 
organic c m u n d a  accumulsta in the eleetmlyte. 

Including PVA, C19, and flh pmduced by Radiation Appl.b~tions, Xnco 
(XPE 40-150) were areembled, maled and given two foxmatian cycles. They 
wore then placod in oharged state in an men at  SOOC. 
eloutmfyto (uLalyoe8 are rhown h tablo IVj the test has completed 
approximately 5s daya. The data Indicate that the Kfl concentration is 
lncreaeing faster in the lower concentrstions of KOH an d io occelrmtod 
8 t U . l  faster by the prarmnce o f  PVA separator mtoxdd .  Th. t e s t  w i l l  
continue until the concentration of free KOH dmps below 
will then be dissected and ths separatora will be chemlcrlly -zed for 
ailver. 

T h i s  attack is greatly accelsnrtad at high 

To rtudy them reactionr, six cell8 with variuw separator aystona 

% d t s  of tho 

Tb6 colla 

In anotbor separator teat, mlls  are being fabrlcatod With on, MI; 
XPE &SO positlonod i n  thm water of the main separators of either C19 
or PVA. The objsutivo hem is to  actond the W e  of a uell by u s i q  an 
inert iila to  intermpt silver tra i l s  and thus pmrent rhortlng. 
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2. Phaae 2 

2.1 Gar Recombination in Cells 

The recombination rates achieved in nickel-cadmiun cella are 
considerably higher than those attainable i n  rtandard silver-cadmium cel ls .  
An obvioua fac tor  favoring t ie  nickel-cadmium aell irr the acceas of oxygen 
t o  the h p n g m t e d  cadnduar electroJI through the poroua f e l t  reparators 
together w i t h  tho abaonco of freo e l o c t r o ~ t e  which *des diffusion 
a t  tho three phase boundaxy, A maond faa to r  which iurtil now hae not 
been considered is ths effect of soluble 0rgW.j.c separator produots, 
ln  the electrolyte of silvercadmium C e l l 6 0  
at tack on the separator I s  absent from nickel-cadmium cella.  

This p p a t e r i v l  produaod by 

A series of experi.ments worn nur t o  obtain information concerning 
ths above phenmom. 
cschniun electrodar obtained from a conmerclplly a v a U b l e  aickel-cadmium 
cell. Ths plater were f i r s t  umpped i n  a non-woven nylon (Pollon) reparator 
and moaked In freshly pmparod 38% KOH, 
rpeciol &&or dorignod t o  ma8tire the reaatlon rate of 0lgrg.n With cacblum, 

The f l m t  t e s t  c e l l  -8 as~lembled w i t h  nickel and 

Tho a e l l  pack was then placed I n  a 

The uhamber u u  evacuated and f l l l e d  With oxygon t o  a prersula of 
40 p e h .  
n a o ~ l n a t l o n  uar caloulatod by plot t ing log dp v e m ~  106 Po 

l'he pressure was then allowed t o  dbaay. Tho rat. of eogrgen 

a€ 
A mcond oeU war assembled which uas65mlhr mnatnrctlon t o  the 

flrrt ,  except that the nogatlre eba t rodes  wdre rads fxma pmssed CdO 
containing 5% dlverj  them electlodes had been eloctrollbrmsd p r l o r  to 
aseembling the a d l .  
explainsd abmo. 

The rate of w g e n  recombination was deterrpiaed ar 

Both c d l  packs were m b w t  With ww reparator p~ter la l  and soaked 
in e loa tmlyta  iron a pxwlous ly  ayuled r i l v e ~ c a d n l u m  a e l l  oonklning the 
KOH-soluble oxidlcad organic dabris from tho attaaked mopamtor. Tho 0011 
pack8 nere plaood roparately in the reoombinatlon chnrbor, Wch was then 
wacuated and f l l l e d  with olqrgen. Tho q g o n  rooombination rater wen 
again dotemined and a a l d a t e d  in the ~lomb manner. 

"he rermltr of the t e e t s  are shown In Flguls 3. It rhould be noted 
horn that the data p l o t k d  for ooch a011 rapmsents an momge of four 
detmaimtiona of tho q g d n  pmsmra  decay. 

The na t l t r  of the tests a m  Important for thoy ohow tha t  organic 
pmduota and KzCO r a e u l t h g  fmm reparator attack lower tlu n c a a b b a t i o n  
of oxygen with &mu by a factor  of 2.5. 
lmpmgn~tod wdaium eleotrodo is not r ignlf luant ly  nrporior t o  our 
standard eleatroforasd rpongo aachiun oleotrod., which C O n t a i R i  5% m s b l l l c  
r i lver .  

It aan also be men that an 
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The mbchanlaa by which organic m a t s r l a h  lower the oxygen roaction 
wlth cadmium l a  not c lear ly  undentaod at  pmmnt.  Howmer, when v h c o d t y  
mea6urenrsnte uem ma& on an e b c t r o l y t e  saxpb codaining sepenrtor debrir 
the value obtalned vps .bout 25% higher thn tbat of pura 38% II[IEI, the rdus 
of whloh 10 3,6 op a t  25%. The Increase in v l s o o s i ~  my be partly rarponriblo 
for the decmare in oxygen recombination mta. 

The next group of tests were conducted w i t h  8 c t d  realed cellr to 
dotennine how the quantity o f  KOOI afZsot8 oxygen recombination, 
c e l l s  contained a "noxmal." quantity of electralyte, ( c e l l s  Lo and 58) 
and two cells bad thdr frae electrolyte  raarooad (cells h3 and 59) 
following their fornation ay&. 

Two 

C e l l a  
with 5% silver, and ce l la  58 and 59 contained hpmgnated cadmium i n  a 
nickel matrix. The four cells worn wrapped ( s t a r t i ng  with the p a i t i n  
pla te )  With o m  turn of Pellon and 3 turns of PVA. 

and b3 contained elwtroforasd upongo oachlunr negatives 

Data am prewnted in Pigan k .  'he results show that ael ls  L3 and 59 
&bit a mconblnation rata whiuh I s  rotlghly twlae a s  fast as c e l l s  LO and 58, 
the latter pa i r  aontaining "froen eloctmlyte .  
lmprrgn8kd e loa tm&r showd only a rlghtly N@mr lrcarbhtdon rate than 
our standard eleotmforard uachiuin plater, 

Hem again, however, the 

A ouppl.e;rasntary t o r t  l r  baing oonbuoted to detelrrins haw aells w l l l  
perfom when free e lec t ro ly te  is remmed. %vr- ce l l a  oontaining no fme 
eleatro'lyte a m  presently being ayclsd on the 1 M  mdmrta orbit m@e. 
Initial cycle data ohow that the oell p.rforaponces have Qareaoed to 75% 
of the oapaclty arp l lab le  whbn an exooss quantity of ebotrolyta was 
preoent, Further cycUng w i l l  be rasoesoary to dotexaim how tbee c e l l s  
will pexfon in a relatively dry condition. Cells w l t h  infanasdlate 
qUntiti.8 of e lea t ro ly te  will dmo ha rtudbd. 
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The data obtained are coqpiled In ngum so The moults ahcm that 
the c e l l  with 5% uarbonyl d u h l  exhibi ts  a ncombbat ion rate whiah i r  
about 1.25 ~IJIBS g n a t o r  thrn the oeU. uhiah has 5$ rilvor in the 
nogativo. Tho data d r o  rhaw that increasing the perwntpge of 8UV.r 
in tho negative does not appmoirbly Incream the rooombination =to 
with oqrgon0 

Th. uso of Inort xuter la l s  such a8 parPffin wax and Teflon havo 
been o i f ~ c t i v ~  wetproofing b e n t s  for  Aul ce l l  ~loctrodrr. Theso 
addi t l ros  provido 1lgas loadr" through which rapid diff'urion and maation 
oucura. Wot-pmofrd caWun rl8ctrod.s were fabricated urhg 9, teohniqw 
sinrilar t o  fbl o o l l  olootrodr conrtruction. A ndxtura of CdO and wet- 
proofing material was mold-prerrod t o  b dmnslty of 2.8 g oa&dum per 
cubic oentlnmtor. !b o h a t r o d s r  aftor t h o  formation cycbs worn 
plaued a h r g e d  in th. oxygm rsoorblnation ahamber, with a nonnal quantity 
of eloctmlyk. Tho uhunbor was ovaauatod and f i l l e d  with w g o n  to a 
praauuro of 3s poi.. 
Mora than 10s imprwemnt in muombirution rato mor rtandard pletee 
with 5% s i lvor  waa achlmvod. 

.) 

Tho rat. of p m a a w  doaay i r  plottod In Pig- 6, 

Following thorn oxporimnts with individual plator,  two malod c e l l s  
tmm aonrtntctodj early uycle data ahow u t i l i za t ions  oomaparable t o  t& 
control ce l l .  A f k r  a wrior of evaluation deep oyaler, the ce l la  will be 
worhaarged a t  varlour u u m t  d s n n i t ~ o s  t o  detenriaa the recombhation 
rata a t  oquilibrlum p ~ a m r e ,  bnd cilm t o  ortabl iah the mmdnm Crllovahlo 
curmnt for  continuous chargingo 
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2-3 Rscombinatlon S t u w  on single Eleotroder 

The mohanlaa of gas rooombination on shoot and porous cadmium is 
under ~ t u w  In th io  phaso of the pmgram. 

Work done durlng tho last quarter has rhown that the rat48 of 
&iffusion of uxygen through the emparator and the eleotmlyta are not 
tho linitiag stopr in tho roaction of axygon with oedri\na. A rtuw of 
the rsaotioru ooaurrlng on the &ace of the oadnltra e h o t r o d e  was 
therdore initiated. 

To ?allow t h s o  xraotlonr, ths use o f  a rotating d s c  electrode 
of pura oadraium ha8 boon ChOlQno 
to  sop.r\t. tb rat. of difhrrion of oxygen through the o l o a t r o m  fma 
tha nto of rsaotion a t  the surfaoo. 

“his type of oxporlwnt is being urod 

Spociol Ins tnu rn ta t lon  -oh aomblmr o rotating disc electrode 
with a polrrograph bar boon b a t  - m e  Pigures 8 and 9. 

b nterrlng to figuro 8 which I s  a drawing of tho maation c o l l  
cosponentr, the olootrolyt .  contaihsd In the mservolr I 8  8parg.d With 
oxygen and introduced Into the reaction chubor t o  a b i g h t  j u s t  ?adow 
tho di8o electrode, A potrogmph wave 1s &on obtaixmd to detondno 
tho initirl concontration of 0Xgg.n in tha eleatrplyte. 
how fast the dirsolvsd oxggen 1s m a c t h g  With ths a a W m ,  the oleotrade 
i m  a o @ e k l y  8ubrrg.d S n  the olootmlyt. ,  Tbr oloatrodo patenthl  l a  
ort8bU6hed by muu of a lhnldng pokntlort.t, and ths speed of rotation 
I s  ret with an e b c t m n l o  control on the motor. 
periodically for about IrO oeaonds to pemlt  polarogmphic dotendnation 
of t h e  -on comontmtion. 
I8 negligible beoauee tihe diffurlon rate is lw. 

I 

To diroover 

Rotation IS I n t e m p t e d  

%action of wgm during the interruption 

The f i r a t  rer ler  of exporlmants W i l l  include meaourlng t h e  roto of 
olgrgen rrooarblnatlon a8 8 function of the oadnium pototItla1. 
thlr r t u e ,  o lea tmlpte  OantaIniSg sepalator maotlon prPduots Will bo 
wed. 
wlthout n m t d l l a  additlV08, 

A6 part Of 

~ 

In addition, oloatmdar a m  being p l s p m d  f o r  atu4 with and 



After floatlng f o r  ten  meks tho u e l l r  uem discharged a t  the tiX 
hour rate. The discharge cumes a m  pre8ent.d in M m  10. The data 
show Wt the lead-alloyed r i l v o r  pla t .  ddlvorod  about 18% of i t s  total  
aapaclty on the argentlo levol; i ts argentia uapaclty on cycle o m  was 
b% of the t o t a l  dlscherge. Ths addition of h a d  alao inamasod the 
t o t a l  rflver uapaaity t o  approxlnratdy 80P of theoret lcr l .  
Increasing the grid oonductlvlty did not holp t o  m t a h  the argontie 

Note that 

Uapscl ty. 

It l a  thought, a t  present, that lead fonna silver plumbate on the 
ouricroe and in the h t t l c o  of the eloatmci. during oharge -oh docmasea 
tho *to ~ ~ h t ~ a n u e ~  
r i l v e r  to argentio olddo during the oxtoncbd ororhcargo. 
US Pat No. 3,017,W18, Use of Pb aompound. I n  the s i l v o r  ehc t rod . ) .  

In  offect, I t  inhibitr the oomrenion of lastall ia 
(Raf. B.D. C a h m  

To dotarxlnr l f  the pornentagor of Ago, Ag20 and Ag influence the 
roactions governing lour  of argentic voltage during oonstant potent ia l  
charging, 8 wcond gmup of four cell6 has boon plaoed on "float", 
Pollawjng the  ten week cop. abarge, the composition of the posit ive 
oleotroder will be chemically analyzed upon removal f r o m  the ae l l .  

D r g  and wot resieturuer will be m e m d  and the values will bo 
comparod t o  fruohly aharged plates. Spocial masummentr t o  detarndne If 
A@ undergoes a ahango from "pn t o  an" type sd -aonduc to r  durirrg c.p. 
anodlcatlon arm 8lm being conaldored. A t  pr88ont the four  cells havo 
completed oight moks of 0.p. abarghg. Results of the 8nPlyrer w i l l  be 
fortbaaing in the next report. 

4. m r o  4 
Tlu principal prohlor in opomting on tho argentour l a e l  i o  tho 

rotenuon of tho desirod uharge and dirch8rge charaaterlrtdor,  1% 18 
known f r o m  pmviour work in our laboratorlor that diver won if Initially 
fine grpinod loses 
S o m d  avenuer am b o l q  hvest lg8t .d  to mOintab the d o s h d  ohaxmotefirticr 
of tho dlvor  powder durlng prol0ng.d cyoling. 

argentous oxide voltage after W t e d  uyaling. 

Tho flrrt group of oel l r  that war tortod Jnoluded tax%ations b 
r i l v o r  part io le  siso, gdd, reparator lryston, and to 80- oxtent 
e l a e t r o ~ o  oonoentration, 
aonduatlrity and partiole 8urfaeo area did not Inuream tho argontour 
oxlde effioiencyj uapaclty deolhod after 12 oyules. hmver, 
o e l l  91 w h l u h  contained a fino g d d  rilvar pcrwdar and Y.8 cpaled In 
25% KOH aoq1et .d 35 aycler bofon aapaalw dsalined bo SO# of tb. 
thoorotloal argentour d d o  uapaolty. 
tho eoll6 '  aapaalty by chrging and disaharglng t o  1.6 vo l t s  end .6 -1% 
~ ~ ~ o t i r e l y  for thmo aycler. 
oapaoity was 3.65 anpem h o w  ( s u w  as cyclo 1 )  tha argontour d d o  
portion was not iaaprwsd by the hop ayclos. 

It VII learned that inorsariag gr id  

An attempt 1188 mado t o  rnstOX~ 

It was found that .Ithaugh the iull 

1 2  



The fairly good perforaance aahieved in ce l l  91 pmrppted an 
~ r s t i g a t i o n  into tho offrot of elrotrolytr conaontratlon on Ag20 
charge rfflohnoy. 
prossed to b.8 g/ac a d  f i l l e d  With 23, 25, 2'7, 29, 31, 36.5, b2, and 
liJ& KOH. 
to the monovalent break (1.35 rolts)j mri~lta am plobted 
Tho data ahow that a mnxlaum of 90$ theomtical argontous axide uti l lcat ion 
VIU obtrined in 2% KOH on q c l a  OM. 
25-275 eleotrolyto concentmtbnr 
The 
of the ailver is also mtarded thmugh a mom e f f i c b n t  -plating prooars 
CtUrLng discharge a t  them l m r  canwntratlons. 

argentous effldency w e n  studied in the next g m p  of 25 oelI-6. 
rarlabhr am rhorn 5n T8blo V. 
for apalsr 1, and 10-1s along with tho pornontag. of thaomtical AgzO 
WprCitp burlng chrrg.. TO &t., ths 8d .h  haye oonlpleted 15 cya2.8, 
a m  aharged a t  86 to 1.35 Volt6 and discharged at  2 A to 0.6 volt8 
(tbs rates 8m equivrlent to the 2h hour orbital reg5m)o 
that tho best cell8 (nos. u, 121 and 1 2 2 )  a m  perfomhg  at about 75% of 
thoorathd. Ag20 capacity, Collr 111 mi 122 feature 1% pallanim 00at.d 
8 i lVer  powder, while 0.U 121 ha6 1% lead plated pawder. 
Shawldgan B l a c k ,  graphite, and carbonyl nickel additives do not incmaw 

A srrl.8 of cells worn fabricatrd With FR 8il-r 

'be ael ls  mm @on lh cyaler in which the charge wae aarrled 
Pigrur, Urn 

Ths lnore86ed eff idency of AgoO In 
ht bo rcllatod to st8 inomarrrd rolubility, 

r o l u b i U ~  i s  h.6 x 10- % in 27% mHm Possibly recryatallI8atioa 

The sffrats of conductive and mn-conductive additivos to incmaeo 
Conrtruction 

Includod kr Tabla VI are the mpadty data 

Tbp 

"he remlk @bow 

The uw of  

8 W ! l t O U s  O f f  I d U l q m  

Tho m r t  c e l l  i r  dolivering 7% theoretical u t l l i t a t h n  of active 
material With LZ% avallabb on the argentic plateau, l ee  ngum 12 for 
performance data at ayolo  30. 

13 



phew I 
7 n t i n u . o  invortigation of olootroplated coQpium eloatrodeo, with 
emphr i r  on dotardnkig opozmting prrartorr. Invortigate tho apparent 
partial i rYet i ra t ion of tho nogatin olaatmdo with uyaling. Dotomin, 
by ahemical uulyrlr if CdCOg foxw a8 moult of uepamtor attaoke 
Study the p086ibmty  of dooreasing tho ahrgo of the cadpdum oleotrodo 
on th flrrt  ahargo, (ahargo t o  1.6 r o l t r )  and dotonnlno Cd and C ~ i ( O 1 1 ) ~  
eontont un6r d i i f e r r n t  conditione of formation. 

hntinuo orbltal aycling of both ce l l  groupr, and andyzo a e l l  gams 
priodlcal ly ,  h t e r o i r u  a t  what point during the charge 4ydrogan l o  rrolvod. 

Study r a o o n b h t i o n  rat. of olootroplatod ardmiuap, and dotemkm if 
wrt-proofing the eleatrod. inereamor tho ooOrqen maombination -to. 

h e .  111 
'-@sa pooltire p la t .  pohmgrrphiorilly f o r  Ago, Ag20, and Ag. 
Meamr, mrirtanws of plater and actlvo = t a d  i o r r u r  n r i s t e n o o  of 
Pur. A@. 

Continuo uyoling tho rUror imprrmatod nickel ooll  on accolorrted m w o  
Build 00Us with mom e f f l c i m t  rwgrtivea t o  Lncmaeo onorgy dondty of the 
o e u .  U s o ,  build a a011 with 25% KOH t o  lncmaso AgQ u t l l i s a t b n .  
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